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Method And Apparatus For Identifying A Winner In A Bingo Game 

FIELD OF THE INVENTION 

[01] The present invention relates to a bingo game, and more particularly, to a method and 
apparatus for identifying a winner in a bingo game. 

BACKGROUND 

[02] Bingo is a popular and well-known game. In a conventional bingo game, players are 
provided with bingo cards that have a matrix of five rows and five columns. Normally, 
the numbers 1 through 75 are divided into five sets, with each set having fifteen numbers. 
Each set is associated with a vertical column in the matrix and each column from left to 
right is assigned one letter from the word "bingo." Frequently, the center space in the 
matrix is a "free space." Bingo balls are individually numbered from 1 through 75 and are 
mixed together. Balls are then randomly selected one at a time. As each selected number 
is announced, each player covers any corresponding number on his or her bingo card. 
Play continues until a player achieves a predefined winning arrangement or pattern of 
spots on the bingo card. 

[03] Traditionally, there are twelve winning arrangements or pattern of spots. Specifically, in 
a traditional bingo game, a player wins if the player covers any of the five vertical 
columns, any of the five horizontal rows or either of the two diagonals on the bingo card. 
Other winning combinations include the four corners of the bingo card, the eight spots 
immediately surrounding the free space, or a diamond pattern. The "bingo boss" who 
operates the bingo game will announce the winning arrangement or pattern of spots at the 
beginning of each game. 
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[04] Bingo is a popular form of entertainment. Bingo games can be played for free, purely for 
amusement, or for a fee, as a form of gambling. Many government and private entities 
conduct bingo games for a fee. Government-conducted bingo games generally involve a 
larger pool of players and offer players the chance to win a larger prize, while also 
providing revenues to the government entity. When players must pay to participate in a 
bingo game, players purchase bingo cards for use during a particular bingo session and 
winning players receive a payout from the operator or gaming establishment. For each 
bingo game, the first player to obtain a winning pattern wins the game. 

[05] Typically, government-conducted lottery systems utilize a central lottery computer to 
communicate with remote point-of-sale lottery terminals. The Rhode Island Lottery 
Commission (the "RILC") proposed a state-wide bingo game, referred to as "Power 
Bingo" in 1997, where players purchased bingo cards from the remote point-of-sale 
lottery terminals and the game was to be broadcast on television. Although the Power 
Bingo game was suspended before ever being played, bingo cards were sold by the RILC 
for an initial game. The point-of-sale lottery terminals requested bingo cards from the 
central lottery computer. After the central lottery computer generated the bingo card 
information, the point-of-sale lottery terminal, under the direction of the central lottery 
computer, printed the official bingo cards. The central lottery computer maintained a 
database containing the bingo card information for each bingo card that was issued. 

[06] Since the players were remote from the venue where the numbers were drawn, the RILC 
needed to determine whether any players had won before drawing a new ball. In addition, 
after each ball was drawn, the RILC proposed to broadcast statistics indicating in real- 
time the number of players that were three balls, two balls, one ball and zero balls (a 
winner) away from a winning pattern. Thus, after each ball was drawn, the RILC was 
required to perform a brute force search of all issued bingo cards to compare the current 
status of each player's bingo cards to templates corresponding to winning patterns. Such 
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brute force searching is very time consuming, and possibly unmanageable, when the 
number of issued bingo cards is large. For a bingo game to run smoothly, and to maintain 
the players' interest, it is estimated that a ball should be drawn approximately every five 
seconds. 

[07] Similarly, a number of private entities, such as Gamesville.com, allow a potentially large 
pool of players to play bingo over the Internet for prizes. In such an on-line 
implementation, players typically access a web site and request one or more bingo cards. 
A central server maintains a database containing the bingo card information for each 
bingo card that is issued. Again, since the players are remote from the venue where the 
numbers were drawn, a mechanism is needed to determine whether a player has won 
before drawing the next ball. At least one such on-line bingo game requires players to 
mark their own bingo cards as numbers are drawn and to submit a request to confirm that 
the player has won, when the player believes they have a winning pattern. 

[08] As apparent from the above-described deficiencies with conventional bingo games, a 
need exists for an improved method for promptly identifying a winner in a bingo game. A 
further need exists for an improved method for determining the number of balls that each 
player is away from a winning pattern. 

BRIEF SUMMARY 

[09] Generally, a method and apparatus are disclosed for identifying a winner in a bingo 
game. The bingo system includes a network for transferring information between a 
central game processor and one or more remote point-of-sale (POS) terminals. Players 
may obtain bingo cards from point-of-sale (POS) terminals that physically print bingo 
cards for players in an embodiment where the player appears in person to purchase 
tickets, or from point-of-sale (POS) terminals that permit players to play bingo in an on- 
line environment. 
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[10] According to one aspect of the invention, the game processor maintains a linked list 
identifying each card in play containing each possible value. For example, in a 
conventional bingo game having 75 possible values, the game processor maintains 75 
different linked lists. Each entry in a linked list includes a pointer to the next element in 
the linked list. In addition, the game processor represents each bingo card as a bitmap 
containing an entry corresponding to each square on the bingo card. Each entry in the 
linked list also identifies the particular square on the bingo card containing the 
corresponding value, thereby allowing the appropriate entry in the corresponding bitmap 
to be identified. 

[11] As each number is drawn, the game processor utilizes the linked list to identify all of the 
bingo cards in play having the drawn number. As each card containing the drawn number 
in the linked list is identified, the game processor marks the corresponding entry in the 
bitmap. According to another aspect of the invention, each possible winning pattern in a 
bingo game is likewise represented as a bitmap. If a bit in the winning bitmap is set to a 
value of 1, then the corresponding square must be set on a player's bingo card in order to 
match the pattern. 

[12] The present invention allows winning players to be identified by comparing the card 
bitmap to each of the possible winning bitmaps. Generally, the comparison determines 
whether all the 1 's that are set in any bitmap for a winning pattern are also set in the card 
bitmap. If so, the card is a winning card. In one preferred implementation, only those 
cards containing the number just drawn are compared to the possible winning bitmaps. 

[13] A more complete understanding of the present invention, as well as further features and 
advantages of the present invention, will be obtained by reference to the following 
detailed description and drawing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[14] Aspects of the present invention are described with respect to the accompanying figures, 
in which like reference numerals identify like elements, and in which: 

[15] FIG. 1 illustrates a bingo system for processing bingo transactions in accordance with the 
present invention; 

[16] FIG. 2 illustrates the logical indices that are assigned to each square of a bingo card to 
facilitate storage of the bingo cards in play by the game processor of FIG. 1 ; 

[17] FIG. 3 illustrates a representative layout of the bits corresponding to each square in 
memory; 

[18] FIGS. 4A and FIG. 4B illustrates a linked list of maps that identify each card in play 
containing each possible value in accordance with the present invention; 

[19] FIG. 5A illustrates the well known "X" winning pattern; 

[20] FIG. 5B illustrates a bitmap representation of the "X" pattern of FIG. 5B in accordance 
with the present invention; 

[21] FIG. 6 is a schematic block diagram of an illustrative point-of-sale (POS) terminal of 
FIG. 1, that physically prints bingo cards for players, in an embodiment where the player 
appears in person to purchase tickets; 

[22] FIG. 7 is a schematic block diagram of an illustrative point-of-sale (POS) terminal of 
FIG. 1, for an on-line implementation; 

[23] FIG. 8 is a schematic block diagram of the game processor of FIG. 1; 

[24] FIG. 9 is a flow chart describing an exemplary map development process of FIG. 8; and 

-5- 



Patent Application 



Atty. Docket No.: 05194.00006 



[25] FIG. 10 is a flow chart describing an exemplary bingo game process of FIG. 8.. 
DETAILED DESCRIPTION 

[26] FIG. 1 shows a bingo system 100 for processing bingo transactions, including the 
issuance and validation of bingo cards, for example, by a government or private entity. 
The bingo system 100 includes a network 150 for transferring information between a 
central game processor 800, discussed below in conjunction with FIG. 8, and one or more 
remote point-of-sale (POS) terminals 600-N and 700-N. An illustrative point-of-sale 
(POS) terminal 600 that physically prints bingo cards for players is discussed below in 
conjunction with FIG. 6. An illustrative point-of-sale (POS) terminal 700 that permits 
players to play bingo in an on-line environment is discussed below in conjunction with 
FIG. 7. 

[27] As shown in FIG. 1, the bingo system 100 optionally includes a bingo boss 110 that 
operates and controls the play of a bingo game. The bingo boss 110 may be a human 
being or a programmed processor. Generally, the bingo boss 110 is responsible for 
drawing bingo balls and validating a winner. In addition, the bingo system 100 includes a 
number source 120, such as a set of 75 numbered balls that are randomly drawn, or a 
random number generator that generates numbers in the range of 1 through 75. 

[28] According to one feature of the present invention, the game processor 800 maintains a 
linked list of each card in play containing each possible value. Thus, in a conventional 
bingo game, where there are 75 possible values, the game processor 800 maintains 75 
different linked lists. As discussed below, each entry in a linked list includes a pointer to 
the next element in the linked list, in a well-known manner. 

[29] According to another feature of the present invention, the game processor 800 represents 
each bingo card as a bitmap containing an entry corresponding to each square on the 
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bingo card. In addition to a pointer to the next element in the linked list, each entry in the 
linked list identifies the square on the bingo card containing the corresponding value, 
thereby allowing the appropriate entry in the corresponding bitmap to be identified. Thus, 
as each number is drawn, the game processor 800 utilizes the linked list to identify all of 
the bingo cards in play having the drawn number. As each card containing the drawn 
number in the linked list is identified, the game processor 800 marks the corresponding 
entry in the bitmap. 

[30] In addition, each possible winning pattern in a bingo game is likewise represented as a 
bitmap. As discussed below in conjunction with FIGS. 5A and 5B, each square on the 
bingo card is allocated one bit in the bitmap corresponding to a particular winning 
pattern. If a bit in the winning bitmap is set to a value of 1, then the corresponding square 
must be set on a player's bingo card in order to match the pattern. 

[31] Thus, in accordance with the present invention, winning players may be identified by 
comparing the card bitmap to each of the possible winning bitmaps. Generally, the 
comparison determines whether all the l's that are set in any bitmap for a winning pattern 
are also set in the card bitmap. If so, the card is a winning card. In one preferred 
implementation, only those cards containing the number just drawn are compared to the 
possible winning bitmaps. 

[32] FIG. 2 illustrates the logical indices that are assigned to each square of a bingo card to 
facilitate storage of the bingo cards in play by the game processor 800. As shown in FIG. 
2, the bingo card 200 is logically divided into 25 squares that are numbered 0 through 24. 
The values within each square on a given card are stored in memory by the game 
processor 800. In an illustrative embodiment, two values are stored for each byte. Thus, 
four bits are allocated to each square of the bingo card, allowing the values 0 through 15 
to be represented. 
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[33] FIG. 3 illustrates a representative layout 300 of the bits corresponding to each square in 
memory. Thus, byte 5 in FIG. 3 contains four bits for encoding the value in the first 
square of the N column, and four bits for encoding the value in the second square of the 
N column. Since each row contains 15 possible values, the column index (zero based) is 
multiplied by 15 and added to the four bit value plus one, to yield the value of each 
square on the card. For example, if a card includes a value of N32, the value will be 
encoded as 0010, the binary value corresponding to the integer 2 (32-30). After the bingo 
cards have been encoded into the format shown in FIG. 3, the resulting data is referred, to 
as a "card deck" 300. As discussed further below, the card deck 300 is stored on disk by 
the game processor 800 and loaded into memory at run time. Generally, during the 
processing of the game, the card deck 300 is not used. 

[34] FIG. 4A illustrates a base map 400 and FIG. 4B illustrates a plurality of card maps 450. 
During program initialization, a map development process 900, discussed below in 
conjunction with FIG. 9, converts the card deck 300 the map formats shown in FIGS. 4 A 
and 4B. 

[35] The map base 400 contains a slot for each value that may appear on a bingo card. Thus, 
for a conventional bingo game, having 75 possible values, the map base 400 contains 75 
slots. Each slot, corresponding to a value, n, contains a pointer, pNEXT-n, to the first 
card map 450 corresponding to a card containing the associated value, n. For example, 
the slot corresponding to value N32, contains a pointer to the first card in the set of card 
maps 450 that has a square with N32. 

[36] In addition, as shown in FIG. 4B, each card map 450 contains a slot for each square on a 
bingo card. Thus, for a conventional bingo game, having 25 squares, the card map 450 
contains 25 slots. Each slot, corresponding to a square, i, contains a pointer, pNEXT- 
CARD, to the next card map 450 corresponding to a card containing the desired value, n. 
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Thus, each slot of the map base 400 contains a pointer to the first card containing the 
corresponding value. The pointer indexes a linked list in the card maps 450 of each of the 
additional cards containing the same value. 

[37] In one illustrative implementation, the pointer, pNEXT-n, is a 4 byte value containing 
two parts, with 3 bits indicating a row offset and 29 bits providing a card offset to the 
first card containing the associated value. The 3-bit row offset allows rows 0 through 4 to 
be uniquely identified. Likewise, the pointer, pNEXT-CARD, is a 2 byte value containing 
two parts, with 3 bits again indicating a row offset and 13 bits providing a card offset to 
the next card in the linked list containing the associated value. 

[38] Thus, the exact location of the next occurrence of any value can be determined by using 
the card offset to locate the desired card, and the row offset to identify the appropriate 
row. The column is obtained implicitly by dividing the value itself minus one by the 
number of possible value in the column, such as 1 5 in the illustrative embodiment, with 
the whole number indicating the column number (zero based). Thus, each pointer points 
to a cell containing a like value that leads to the next occurrence of a particular value, 
until a value of zero is encountered, indicating the end of the linked list. 

[39] A bingo winner may be defined as a player having a bingo card with a matching a 
predefined winning arrangement or pattern of spots on the bingo card. FIG. 5A illustrates 
the well known "X M winning pattern. According to a further feature of the invention, each 
winning pattern is implemented as a bitmap, such as the bitmap 550, shown in FIG 5B, 
for the "X" pattern. It is noted that some bingo games offer multiple winning patterns. As 
previously indicated, a traditional bingo game has twelve predefined winning patterns: 
any of the five vertical columns, any of the five horizontal rows or either of the two 
diagonals on the bingo card. Other winning combinations include the four corners of the 
bingo card, the eight spots immediately surrounding the free space, or a diamond pattern. 
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[40] As shown in FIG. 5B, each square on the bingo card is allocated one bit in the bitmap 550 
corresponding to a particular winning pattern. If a bit in the bitmap 550 is set to a value 
of 1 , then the corresponding square must be set on a player's bingo card in order to match 
the pattern. A standard bingo card, having 25 squares, requires only 25 bits. Thus, each 
bitmap 550 may be implemented as a 32-bit integer value, although the present invention 
permits larger patterns to be implemented using a list of 320-bit integers. As shown in 
FIG. 5B, squares on the bingo card are ordered in the same manner as the logical indices 
that are assigned to each square of a bingo card for storage in a card deck 300. The least 
significant bit in the bitmap 550 corresponds to the top-left corner of the bingo card, and 
the most significant bit in the bitmap 550 corresponds to the bottom-right corner of the 
bingo card. 

[41] Aspects of the present invention allow for determining a variety of different winning or 
bonus conditions during a large-scale bingo game. In particular, the efficient scoring 
mechanisms disclosed allow those operating bingo games to determine a variety of 
different winning conditions without detracting from the flow of a bingo game. As used 
herein, "large scale bingo games" include but are not limited to, those: conducted by a 
statewide or government licensed or authorized lottery, having participants physically 
located in different locations, or any other type of game that requires the entity drawing 
bingo numbers to know when a winning condition exists without feedback from 
individual players. In one particular implementation, a winning condition exists when a 
card does not include any of the drawn values. That is, additional winners are determined 
after the number of balls away, NBA, from a winning pattern is zero, by determining the 
cards that do not have matches to any drawn values in the game. More specifically, after 
a first winner(s) is determined by matching a card bitmap to the first winning pattern, the 
card bitmaps are compared to an additional winning pattern 
"0000000000000000000000000," which corresponds to a pattern where no values have 
been drawn on the particular card. A winning condition may also exist when a card bit 
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map does not have an entry corresponding to a drawn ball for a given length of time or 
for a given number of drawn balls. Moreover, a winning condition may exist when a card 
does not have a predetermined number of matches other than zero. For example, a bonus 
prize may be awarded for cards having less than 2 or 3 matches. 

[42] The additional winners may receive a prize that has less value than the prize awarded to 
the person(s) with conventional a winning pattern, to include but not limited to such 
patterns as the well known "X" winning pattern. Exemplary prizes include free tickets, 
monetary awards and entry into a bonus drawing. 

[43] Bonus numbers may also be drawn to increase the award value of an otherwise winning 
Bingo card. In one implementation, bonus prizes are awarded after the number of balls 
away, NBA, from a winning pattern is zero, by drawing one more number and setting the 
appropriate bit, corresponding to this last number drawn, in the corresponding card 
bitmaps to a value of 1 . The card bitmaps, based on values reflecting this last number 
drawn, are then compared to the original winning pattern and cards with matching card 
bitmaps are declared additional winners. The bonus prize may be awarded when the 
number drawn is part of the winning pattern. In an alternative embodiment, a bonus prize 
may be awarded when the number drawn is included on a winning card, regardless of 
whether or not the number drawn is part of the winning pattern. The value of the prize 
awarded may also be a function of whether or not the number drawn was part of the 
winning pattern. 

[44] Bonus numbers may also be used to award prizes for cards that may not otherwise be 
winning cards. In one implementation, additional "bonus" winners are determined after 
the number of balls away, NBA, from a winning pattern is zero, by designating a "bonus 
number" for the bingo game and determining those winning cards which contain the 
"bonus number" in the winning pattern. For example, if "7" was the bonus number, any 
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card containing a 7 would win a prize, such as a free ticket. This implementation could 
be used to encourage future play. In one alternative embodiment, if a winning ticket 
includes the bonus number, the winner would receive a prize having a higher value than 
the value of prizes award to those having the bonus number, but not a winning pattern. 

[45] In yet another implementation, either before or after winners are determined when the 
number of balls away, NBA, from a winning pattern is zero, a designated coordinate on 
the bingo card is designated in order to award the winning card additional or "bonus" 
winnings. In particular, those cards which include the designated coordinate in the 
winning pattern are awarded additional winnings. Rather than designating a "bonus" 
number which appears on only some of the bingo cards, this implementation allows for 
every card to have a chance at winning a bonus prize. In this implementation, the 
horizontal coordinates on the bingo card, i.e. those corresponding to the letters "B," "I," 
"N," "G," and "O," may be labeled as coordinates 1 to 5, and the vertical coordinates 
may be coordinates 1 to 6. The designated coordinated would thus consist of a horizontal 
coordinate number 1 to 5 and a vertical coordinate number 1 to 6. For example, if "1,1" 
is the designated coordinate each card that has the first number under "B" marked would 
win a prize, regardless of the value of that number. Winners may be determined by 
analyzing appropriate entries in individual card decks. An exemplary card deck is shown 
in FIG. 3. Prizes may also be awarded when the designated coordinate is part of any 
card, including cards that do not include conventional winning patterns. 

[46] In an alternative embodiment of the implementation described above, contestants are 
allowed to select the designated coordinate. For example, a contestant may identify a 
designated coordinate when purchasing a bingo card. An identification of the designated 
coordinate may be stored in a card map for that card. 
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[47] As discussed further below in conjunction with FIG. 11, each bingo card in play is 
represented as a 25-bit card bitmap that initially has a value representing the location of 
any and all free spaces. As each number is drawn in the bingo game, the drawn value is 
used as an index into the base map 400 and the card maps 450 to identify all the cards in 
the card deck 300 having the drawn value. For each identified card, the row and (implicit) 
column offsets are used to set the bit in the corresponding card bitmap to a value of 1 . As 
the bitmap of each identified card is marked in this manner, the card bitmap is compared 
with each possible winning bitmap. Generally, the comparison determines whether all the 
l's that are set in any bitmap for a winning pattern are also set in the card bitmap. If so, 
the card is a winning card. 

[48] In addition, players are often interested in the number of balls they (or other players) are 
away from winning. The number of balls that are required to be a winner can be obtained 
by determining how many l's are set in each bitmap corresponding to a possible winning 
pattern, that do not appear in the card bitmap. If any card comparison results in a value of 
0, then the card is a winner. 

[49] FIG. 6 is a block diagram showing the architecture of an illustrative point-of-sale (POS) 
terminal 600 that physically prints bingo cards for players, in an embodiment where the 
player appears in person to purchase tickets. The point-of-sale (POS) terminal 600 may 
be embodied, for example, as a conventional dedicated lottery terminal, as modified 
herein to execute the functions and operations of the present invention. The point-of-sale 
(POS) terminal 600 preferably includes a processor 610 and related memory, such as a 
data storage device 620. The processor 610 may be embodied as a single processor, or a 
number of processors operating in parallel. In addition, the point-of-sale (POS) terminal 
600 includes one or more ports (not shown) for communicating with the game processor 
800, for example, over the network 150. 
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[50] The data storage device 620 and/or a read only memory (ROM) are operable to store one 
or more instructions, which the processor 610 is operable to retrieve, interpret and 
execute. As shown in FIG. 6, the data storage device 620 preferably includes a bingo 
terminal process 640 that receives a player request for one or more bingo cards and 
communicates with the game processor 800 via the network 150 to obtain and validate 
the bingo cards and thereafter issue the requested number of bingo cards to the player. 

[51] FIG. 7 is a block diagram showing the architecture of an illustrative point-of-sale (POS) 
terminal 700 for an on-line implementation. The point-of-sale (POS) terminal 700 may be 
embodied, for example, as a personal computer or other device that allows a bingo player 
to individually establish remote communication with the game processor 800, as 
modified herein to execute the functions and operations of the present invention. The 
point-of-sale (POS) terminal 700 preferably includes a processor 710 and related 
memory, such as a data storage device 720, which operate in a similar manner to the 
hardware described above in conjunction with FIG. 6. 

[52] The data storage device 720 preferably includes a browser process 740 that allows a 
player to obtain a connection, for example, over the Internet, to a web site where the 
bingo game discussed herein is played. Alternatively, the data storage device 720 may 
include dedicated software that allows a player to communicate with the game processor 
800 for example, by means of a modem connection over the public switched telephone 
network (PSTN). 

[53] FIG. 8 is a block diagram showing the architecture of an illustrative game processor 800. 
The game processor 800 may be embodied, for example, as an RS 6000 server, 
manufactured by IBM Corp., as modified herein to execute the functions and operations 
of the present invention. The game^ processor 800 preferably includes a processor 810 and 
related memory, such as a data storage device 820, which operate in a similar manner to 
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the hardware described above in conjunction with FIG. 6. It is noted that the game 
processor 800 may be embodied as a single processor, or a number of distributed or local 
processors operating in parallel. For example, the game processor 800 may include a 
dedicated processor for communicating with the point-of-sale (POS) terminals 600 that 
physically prints bingo cards for players and a dedicated processor for communicating 
with the point-of-sale (POS) terminals 700 in an on-line implementation. 

[54] As shown in FIG. 8, the data storage device 820 includes the card decks 300, discussed 
above in conjunction with FIG. 3, and the base map 400 and corresponding card maps 
450, discussed above in conjunction with FIGS. 4A and 4B, respectively. In addition, the 
data storage device 820 includes a map development process 900, discussed below in 
conjunction with FIG. 9, that converts the card deck 300 into the base map 400 and 
corresponding card maps 450. The data storage device 820 also includes a bingo game 
process 1000, discussed below in conjunction with FIG. 10, that processes each number 
that is drawn, and identifies a winner in accordance with the present invention. 

[55] FIG. 9 illustrates the map development process 900 that converts the card deck 300 into 
the base map 400 and corresponding card maps 450, and otherwise initializes the game 
processor 800. As shown in FIG. 9, the map development process 900 initially 
determines the number of cards in play for a given bingo game during step 910, and then 
allocates the appropriate amount of memory during step 920 for the card decks 300. The 
map development process 900 reads the card deck during step 930, and then allocates the 
appropriate amount of memory during step 940 for the base map 400 and the card maps 
450. 

[56] The map development process 900 converts the card deck 300 into the base map 400 and 
corresponding card maps 450 during step 950. Generally, the maps 400 and 450 are 
created by reading the value from each square on each card deck 300, and adding an 
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entry in the appropriate chain linked list of the maps 400, 450 corresponding to each 
value on the card. As previously indicated, each entry added to the chain linked list 
contains a card offset that points to the next card in the linked list, and a row offset that is 
used to identify which square on the card contains the corresponding value. 

[57] Finally, the card bitmaps are initialized with any free spaces during step 960. In other 
word, if any space, such as the center square, is defined as a free space in a given bingo 
game, then the corresponding entry in all the card bitmaps is set to 0. Program control 
terminates during step 580, and the game processor 800 is ready to initiate play. 

[58] As previously indicated, the bingo game process 1000, shown in FIG. 10, processes each 
number that is drawn, and identifies a winner in accordance with the present invention. 
The bingo game process 1000 initially receives a drawn number from the bingo boss 1 10 
during step 1010. The drawn number is then used during step 1020 to index the base map 
400 to identify the first card having the drawn value. As previously indicated, each bingo 
card in play is represented as a 25-bit card bitmap, that initially has a value of all zeros. 
As each number is drawn in the bingo game, the drawn value is used as an index into the 
base map 400 and the card maps 450 to identify all the cards in the card deck 300 having 
the drawn value. For each identified card, the row and (implicit) column offsets are used 
to set the appropriate bit in the corresponding card bitmap to a value of 1 . Thus, the row 
and column offsets into the corresponding card bitmap are obtained from the entry in the 
base map 400 (or the card maps 450 on subsequent passes through the bingo game 
process 1000) and are used to set (mark) the appropriate bit during step 1030. 

[59] The current card bitmap is then compared to each possible winning bitmap during step 
1040. Generally, the comparison determines how many l's are set in each bitmap 
corresponding to a possible winning pattern, that do not appear in the card bitmap. In one 
implementation, the comparison is performed using an exclusive or (XOR) operation. 
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Specifically, the following operation yields a value, t 5 in which exactly those bits set in 
the winning pattern, m, which are not set in the card bitmap, v, are set: 

t=(m A V)&m (Equation 1) 

[60] As discussed below, if t equals zero, then the card matches the winning pattern and is 
thus a winning card. For example, if a card bitmap equals 010010001001 100010101001 1, 
and the bingo game requires an "X" pattern, such as the pattern shown in FIG. 5 A, to win 
the game, the result of the "exclusive or" , and the "and" operation performed on the card 
bitmap relative to the bitmap shown in FIG. 5B for the "X" pattern yields a value, t, of 
1000001000000000000000000. Thus, there are two squares (24 and 18) on the 
corresponding bingo card that are not yet marked that are required to match the winning 
"X" pattern. 

[61] During step 1050, the number of balls away, NBA, from a winning pattern are recorded 
for the card. In other words, the number of l's in the value, t, are counted. In one 
implementation, a count table having 64K entries is used to perform the count during step 
1050. The count table may be created, for example, by the map development process 900 
during program initialization. Each 16-bit entry in the count table indicates the number of 
l's in the corresponding binary value. Thus, the 32 bit value, t, is broken into two 16 bit 
components which are each used to index the count table. The number of l's 
corresponding to each 1 6-bit value is then summed to yield the number of balls away, 
NBA, from a winning pattern. For a bingo game having multiple winning patterns, the 
winning pattern with the lowest the number of balls away, NBA, is selected for the card 
and recorded during step 1050. 

[62] In an alternate implementation, the comparison performed during step 1040 and the 
determination of the number of balls away, NBA, performed during step 1050 may be 
performed by AND'ing the card bitmap with each possible winning bitmap, to obtain a 
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result, u 5 and then using the count table to subtract the count (u) from the count (winning 
bitmap). In addition, it is noted that the assembly language for a microprocessor may 
provide a count instruction, to eliminate the need for the count table. 

[63] Once the number of balls away, NBA, from a winning pattern is determined during step 
1050, a test is performed during step 1060 to determine if the pointer, pNEXT, from the 
entry in the current map 400, 450 is zero. If it is determined during step 1060 that the 
pointer, pNEXT, from the entry in the current map 400, 450 is not zero, then there is 
another card map 450 in the linked list corresponding to another card having the current 
drawn value. Thus, the pNEXT pointer is followed during step 1070 to the next card in 
the card maps 450 having the drawn value. Thereafter, program control proceeds to step 
1030 and continues processing the next card map 450— in the manner described above. 

[64] If, however, it is determined during step 1060 that the pointer, pNEXT, from the entry in 
the current map 400, 450 is zero, then the end of the linked list has been reached. Thus, 
program control proceeds to step 1080, where a test is performed to determine if the 
number of balls away, NBA, from a winning pattern is zero (i.e., if there is a winner). It is 
noted that if a bingo game includes complimentary bingo cards, or bingo cards that are 
otherwise played purely for entertainment, and not for a winning payout, these 
complimentary bingo cards are excluded from the test performed during step 1080. If it is 
determined during step 1080 that the number of balls away, NBA, from a winning pattern 
is not zero, then program control returns to step 1010 to process the next ball drawn. 

[65] If, however, it is determined during step 1080 that the number of balls away, NBA, from 
a winning pattern is zero, then there is a winner. Thus, game play is suspended during 
step 1090 and the winner is validated and identified, before program control terminates 
during step 1095. 
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[66] It is to be understood that the embodiments and variations shown and described herein 
are merely illustrative of the principles of this invention and that various modifications 
may be implemented by those skilled in the art without departing from the scope and 
spirit of the invention. For example, in European bingo, the numbers 1 through 90 are 
divided into five sets, with each set having eighteen possible numbers. Thus, five bits can 
be allocated to each square of the bingo card, allowing the values 0 through 17 to be 
represented. Likewise, the size of the pointers in the maps 400, 450 can be increased, if 
necessary, to support a larger number of cards. 

[67] The present invention has been described in terms of preferred and exemplary 
embodiments thereof. Numerous other embodiments, modifications and variations 
within the scope and spirit of the appended claims will occur to persons of ordinary skill 
in the art from a review of this disclosure. 
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